Because of its impact on environment, the removal of sulfur is an indispensable step, called hydrotreatment, in the refining of petroleum. One of the most commonly used hydrotreating catalysts is CoMo-type catalyst which is composed of molybdenum disulfide slabs promoted by cobalt atoms (CoMoS phase) and well dispersed on a high specific area alumina. As far as the highest sulfur content allowed in gasoline and diesel is continually decreasing, more and more efficient and active hydrotreating catalysts are required. In order to optimize the reactivity of the CoMo-type catalyst in hydrotreatment, a better understanding of the processes used to produce the active phase (CoMoS slabs) of the catalyst is necessary. The study reported here deals with the sulfiding mechanism of the slabs and the influence of temperature on the phenomenon. Ex situ X-ray absorption spectroscopy (XANES and EXAFS) was used to study the evolution of the structure of CoMo-type catalyst sulfided at various temperatures (from 293 to 873 K). XAS analysis was performed at both molybdenum and cobalt K-edges to obtain a cross-characterization of the sulfidation of the slabs. It evidenced the formation of various compounds, including two molybdenum oxides, MoS 3 (or MoS 3 -like compound) and Co 9 S 8 , at specific steps of the sulfiding process. It showed the role of intermediate played by MoS 3 (or MoS 3 -like compound) during the formation of the slabs and the competition between the appearance of promoted slabs (CoMoS phase) and Co 9 S 8 . At last, it leaded to the proposal of a mechanism for the sulfidation of the catalyst.
INTRODUCTION
The removal of hetero-atoms (like O, N, S or heavy metals) is a necessary step in the refining of petroleum called hydrotreatment. Typical hydrotreating catalysts are composed of molybdenum sulphide slabs (eventually promoted by another transition metal like Ni or Co) supported on alumina.
Because of constantly stricter legislation concerning the sulphur content in oil fractions, a continuous improvement of hydrotreating catalysts is required. A way to improve the reactivity of hydrotreating catalyst consists of improving our understanding of the processes involved in the production of the active phase of the catalyst and especially the sulfiding step. Sulfiding consists of heating the catalyst at high temperature (between 200 and 600°C) in the presence of sulphur precursor (for example H 2 S eventually diluted in H 2 ). X-ray absorption spectroscopy (XAS) is used to study the sulfidation of the catalyst because it is a powerful technique that provides element-specific short-range structural information. It is an effective characterization of the local structure which can be applied to structurally disordered and to dispersed species. The work presented here focuses on crosscharacterization, at both Mo and Co K-absorption edges, of the sulfidation of CoMo-type catalyst. It evidences the influence of temperature of sulfidation on the formation of different species involved in the process.
EXPERIMENTAL

Catalyst Preparation
The catalyst studied in this work was prepared on alumina (Al 2 O 3 ) carrier. P 2 Mo 5 O 23 Co x was used as Mo and Co precursor. The dry impregnation method was used to obtain the catalyst. The dry impregnation step was followed by a maturation step (3h at room temperature) and drying (120°C, overnight) and calcination (2h, 500°C) steps [1] . The sulfidation of the catalyst was then performed during 2h, under 15%H 2 S in H 2 gas flow at various temperatures (20°C, 200°C, 400°C, 500°C, 600°C).
XAS Measurements and EXAFS Analysis
The XAS data were collected on X1 beam line of the Hamburger Synchrotron Radiation Laboratory (HASYLAB, Hamburg, Germany). The X1 beam line was equipped with a Si(111) double-crystal monochromator at the Co K-edge and a Si(311) double-crystal monochromator at the Mo K-edge [2] . EXAFS analysis was performed using the AthenaArtemis software package [3] . FEFF6 [4] was used to calculate theoretical backscattering phases and amplitudes.
RESULTS AND DISCUSSION
XANES Spectra Analysis
The position of the Mo-K absorption edge contains information about the valency and local symmetry of the Mo atom. The spectra of oxide sample and sample sulfided at low temperature (20°C) contain a pre-edge peak (1s -4d bound state transition) characteristic of a Mo oxidic structure (Mo VI ). The disappearance of this pre-edge at higher temperature ( Fig. 1) 
EXAFS Spectra Analysis
The Mo K-edge Fourier transforms (FT) k 3 -weighted EXAFS spectra of the sulfided catalysts show that the Mo-O peak at 1.72 Å steeply decreases when the sulfidation temperature increases (Fig. 3) . At the same time, a small peak attributed to Mo-O bond at 1.98 Å and a bigger and increasing Mo-S peak at 2.41 Å appear (Table 1) . Two Mo-Mo peaks (at 2.75 and 3.18 Å) are identified on the FT: the MoMo peak at 2.75 Å disappears when the temperature increases above 200°C whereas the Mo-Mo peak at 3.18 Å increases continuously with the sulfidation temperature. As far as the Mo-O peak at 1.72 Å is compatible with a MoO 3 structure, the Mo-O peak at 1.98 Å is compatible with a MoO 2 structure, the MoMo peak at 2.75 Å is compatible with MoS 3 structure, Mo-Mo peak at 3.18 Å is compatible with a MoS 2 structure and because of the presence of the Mo-S peak at 2.41 Å, Mo K-edge EXAFS spectra analysis suggests that MoO 3 (or a MoO 3 -like compound) is firstly transformed into MoS 3 (or a MoS 3 -like compound) at low temperature and then into MoS 2 at higher temperature.
The Co K-edge Fourier transforms (FT) of k 3 -weighted EXAFS spectra of the sulfided catalysts show an O-S partial exchange reaction on Co atoms at low temperature (between 20 and 200°C) (Fig. 4) . Then the sulfidation rate of Co atoms increases slowly whereas the number of O atoms in the first coordination shell of Co remains constant. The increase of the temperature of sulfidation is also characterised by an increase of both Co-Mo and CoCo peaks. At a temperature between 200 and 400°C, the Co-Mo peak is shifted to lower value (from 2.95 to 2.82 Å; Table 2 ); this structural transformation can be associated to the formation of CoMoS slabs. As far as the Co-O peak at 1.97 Å is compatible with the CoO structure, the Co-Mo peak at 2.82 Å is compatible with a CoMoS slab structure and the CoCo peak at 3.47 Å is compatible with a Co 9 S 8 structure. Co K-edge EXAFS spectra analysis suggests that CoO (or a CoO-like compound) is transformed in both Co 9 S 8 particles and CoMoS slabs. If there is some indication of the proximity of Co and Mo even at low temperature, CoMoS slabs (characterised by a shortening of the Co-Mo bond) appear at a temperature between 200 and 400°C. 
CONCLUSION
We report the study of the sulfiding mechanism of the slabs and of the influence of temperature on the phenomenon. Ex situ X-ray absorption spectroscopy is used to study the evolution of the structure of the CoMo-type catalyst sulfided at various temperatures of sulfidation (from 20 to 500 °C). XAS analysis is performed at both molybdenum and cobalt K-edges. Coherent results between XANES and EXAFS results are obtained which evidence the formation of various compounds, including two types of molybdenum oxides, MoS 3 (or a MoS 3 -like compound) and Co 9 S 8 , at specific steps of the sulfiding process. MoS 3 (or a MoS 3 -like compound) appears to be a key intermediate during the formation of the slabs and the competition between the appearance of promoted slabs (CoMoS phase) and Co 9 S 8 is evidenced.
